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PROCKSS OK PARALLEL SAMPLK PREPARATION 

CROSS RUPliRUNCli TO RliKAIl-n 
APP1 JCATION 

[0001] This application is a conlinualioii-in-pari of our 
copending palcni application U.S. application Scr. No. 
09/884,508 Med Jun. 15, 2( KM, which in turn claims the 
benefit of priority of Provisional Application No. 60/2 IS, 
777 filed Jul. IS, 2000 both of which are incorporated by 
reference herein in their entirety. 

P1ULD Ol TIIL: INVENTION 

[0002] The invention relates to a process and apparatus for 
the parallel isolation and preparation of multiple samples for 
powder X-ray diffraction analysis. 

BACKGROUND OP 'II II: INVENTION 

[0003] X-ray powder dillraelomeiry is a commonly used 
analytical technique for identifying the structure of a male- 
rial. Fundamentally, the procedure involves directing a small 
beam of monochromatic X-rays into a polyeryslallinc 
sample and then recording the resultant pattern of diffracted 
X-rays as diffraction signal peaks on film or using a detector. 
Since di Here ni substances produce unique diffraction pat- 
terns due to their atomic arrangement, this technique serves 
as a "fingerprint" for identification of both known and 
unknown materials. 

[0004] General sample preparation lor X-ray powder dif- 
fractometry involves placing a powder sample into a sample 
holder which is then inserted into the X-ray powder dilTrac- 
lomelcr. The design of the sample holder is import anl for 
both ease of use and for obtaining the best analytical results. 
I or example, collection of the desired data is enhanced if the 
sample holder is constructed of material which does not 
produce strong background signal intensity which may alter 
or conceal small peaks caused by the sample. If the con- 
struction material of the sample holder does produce large 
diffraction peaks, it is preferred that the large diffraction 
peaks not be in the vicinity of the diffraction peaks of 
interest from the sample. 

[0005] Traditionally, a sample holder for X-ray powder 
dilfractomctry would contain a single sample for analysis, 
with sample changers being used to analyze multiple 
samples in sequence. However, with the growth of combi- 
natorial approaches to the synthesis of new materials, a need 
has arisen for handling and preparing arrays of samples for 
analysis. The most efficient techniques are those that 
manipulate entire arrays of samples in parallel as opposed to 
manipulating samples individually, i.e., one at a lime. One 
such approach is documented in Choi, Kwangwook; Gard- 
ner, David; llilbrandl, Nicole, Hein, Thomas, Angew. Client. 
Int. Ed. 1999, 38, No. 19, 2891-94 where products from 
hydro! hernial synthesis are washed and isolated as an array 
using a custom-designed centrifuge apparatus and the 
samples are collected on filler paper and transferred to a 
sample holder for X-ray analysis. The custom-designed 
centrifuge apparatus consisted of two dilVerenl filter papers, 
glass microfibre and normal filler paper, a PVC main support 
with a matching hold pattern, a filtrate reservoir and a PVC? 
cylinder. Two pieces of filler paper were placed between the 
mulliclave hyd rot hernial synthesis vessel and the PVC main 
supporl thai was connected to the filtrate reservoir. Por 



washing, ihe mulliclav and the PVC main support were 
turned upside down, and waler was added inlo ihe holes of 
the PVC main supporl and ihen forced inlo ihe mulliclave by 
centrifugal ion. The steps were repealed several times. 

[0006] Another approach is disclosed in Klein, Jens; Lch- 
rruinn, Christian W.; Schmidt, I lans-Werner; Maier, Wilhclm 
V.Angcw. Clwm. Int. Ed. I99S 37, No. 24, 3369-72 where 
ihe bottom of a mulliclave synthesis vessel is a silicon wafer. 
Upon completion of the reaction in an autoclave and cool- 
ing, reaction solution was removed from the solids using 
small porous rods with the solids remaining on the surface 
of ihe silicon wafer. The product was washed several limes 
directly in the mulliclave synthesis vessel and healed to 
remove the moisture. The silicon wafer with dried-on crys- 
tals was re mewed and calcined and the products sintered 
onlo the silicon wafer. The silicon wafer was mounted in the 
X-ray dilTractomcler and the beam was focussed al the 
location of each individual spot of sample. 

[0007] The invention disclosed herein, however, provides 
a process and apparatus for preparing an array of samples 
where each sample has a 11 at surface a I a predefined location 
and where the Hat surfaces are in a common plane. The 
sample preparation of the present invention allows for the 
sample holder containing the array of samples to be posi- 
tioned within an X-ray powder diffraclomcler in a matter of 
seconds and the array of .samples lo be analyzed in a very 
ellicient manner. 

SUMMARY OP '11 III INVENTION 

[0008] One purpose of the present invention is to provide 
an apparatus and process of forming an array of powder 
samples arranged in predefined locations where all samples 
have a Hal surface in a common plane. ITiis is accomplished 
by first providing a monolithic block having a main supporl 
seel ion having at least N depressions defining openings in a 
first surface of the main support section in predefined 
locations, where N is the number of samples in the array, and 
N is al least two. A Hal supporl section of the monolithic 
block covers the openings of the main support section. All 
N samples are loaded simultaneously with sample X in 
depression X of the main supporl section where X is an 
integer from 1 lo N. A Hat surface of each sample where the 
Hal surfaces are a common plane is formed by forcing the 
samples within the depressions againsl the Hal supporl 
seel ion. 'I lie samples are retained in position within the 
depressions against the Hat supporl section and are made 
ready for analysis by exposing ihe Hal surfaces of the 
samples I h rough limiting the ihickness of ihe Hal supporl 
section. The Hal surfaces of the samples are in predefined 
locations and are all in a common plane. 

[0009] Another purpose of the invention is to provide a 
process of forming an array of powder samples arranged in 
predefined locations where all samples have a Hat surface in 
a common plane by first providing a monolithic block 
having a main support having at least N depressions from a 
first surface of the main supporl section in predefined 
locations, where N is the number of samples in Ihe array. The 
monolilhic block also has a 11 al support section adjacent the 
main support where the portion of the Hal support section 
covering one end of the depressions in ihe main supporl 
section is typically from about 1 lo about 10 microns thick 
and is constructed of material which preferably has no more 
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than a minimal X-ray powder diffraction pallcrn al ihc 
angles ol interest. 'Hie array of samples is sirnullancously 
loaded into ihc main support section with sample X in 
perforation X of ihc main support where X is an integer from 
1 to N. The Hat surface of each sample is formed where the 
Hal surfaces are in a common plane hy forcing the samples 
within I he perioral ions against the Hal support section. The 
Hal surfaces are formed in predefined locations and are all in 
a common plane. 

imiLI INSCRIPTION OF Tllii DRAWINGS 

[(Ml HI) FMS. I is a sectional view of one embodiment of 
Ihc sample holder of ihc invention. In FKJ. 1, ihe perfora- 
tions in iIk main support ;ire of the same diameter through- 
oul the main support. 

[(MM I | I'Ul. 2 is a sectional view of another embodiment 
of the sample holder of ihc invention. In FIG. 2, the 
perioral ions in ihc main support have a smaller diameter al 
Ihc ii He rsc cl ion wiih the first surface of the main support 
than al ihc inlcrscclioii with the second surface of the main 
support. 

[<M>I2| l*l<;. 3 is a sectional view of yel another embodi- 
ment of ihe sample holder of the invention. In FIG. 3, <i lilm 
is attached to ihe firsi surface of the main support before the 
Hal support is allachcd. 

[(Mil 3 J Fl<«*. 4 is a sectional view of still another embodi- 
ment of ihe sample holder of the invention. In FIG. 4, ii 
piston is used as a retaining means and is positioned within 
Ihe perioral ions of Ihe main support. 

[(Ml 1 4] FIG. 5 is a sectional view of still another embodi- 
ment ol ihe sample holder of Ihe invention. In FIG. 5, the 
main support section and ihe Hat support section are formed 
from a monolithic block. FIG. 6 is a lop view of the sample 
holder of FIG. 5. 

DLTAII.LI) DESCRIPTION OF THli 
INVENTION 

[(MM 5] The present invention is a process for the parallel 
sample preparation of an array of samples which will 
typically be employed prior to performing sample analyses. 
The process was developed for use in preparing an array of 
samples for analysis by X-ray powder dilfraclometry, but the 
process may be used in preparation for analysis for any 
analytical technique thai would benefit from having the 
array of samples in predefined locations and all having a Hal 
surface in a common plane. For example, other analyses that 
may benefit from the sample preparation of the present 
invention include scanning electron microscopy, X-ray lluo- 
rescence. X-ray absorption, near edge spectroscopy, diffuse 
relleclance infrared Fourier transform spectroscopy 
(DRIFTS), dilfuse relleclance ultraviolet -visible spectros- 
copy, Kaman spectroscopy, and pholoacouslic infrared spec- 
troscopy. For ease of understanding, the discussion below 
will focus on Ihe situalion where the array of samples is 
prepared for the analytical technique of X-ray powder 
dilfra clonic try. 

[<MU6] Several criteria are important when preparing an 
array of samples for X-ray powder dilFractomclry. First, it is 
important thai the Hal surfaces of the samples in the array are 
formed in predefined 1 local ions. Assigning predefined loca- 
lions allows lor the proper re pea table positioning of each 



sample within the X-ray powder dilfraclometer. Assigned, 
predefined sample locations also provide enhanced effi- 
ciency for the analysis of large numbers of samples by 
providing the opportunity for standard sample positioning. 
For example, in X-ray powder dilfraclometry, it is difficult 
and lime consuming to sequentially focus the X-ray beam on 
randomly positioned spots on a silicon wafer. Sequential 
focusing a I random positions may be successful; see Klein, 
Jens; Fchmann, Christian W.; Schmidt, Hans- Werner; 
Maier, Wilhclm F. Angew. Chem. Int. Ed. 1998 37, No. 24, 
3369-72, but ihe present invention provides superior effi- 
ciency through the format ion of Ihe Hal surfaces in pre- 
defined locations. liach of the samples is positioned in 
"diffracting position" which is at Ihe center of the diffraction 
circle. llic X-ray lube and detector are generally fixed on 
arms that move them around the diffraction circles and are 
generally not readjusted or routinely aligned. The predefined 
locations of the present invention pre wide efficiency 
improvement in that the sample holder may be moved 
among predefined slop positions in an automated fashion 
thereby eliminating Ihe need for the samples to be individu- 
ally aligned for each sample analysis. Second, it is important 
that the surface of the sample that is exposed to the X-ray 
beam is Hat. Unless the surface of the sample is Hal, the 
delected dilfracted X-rays will not give a ecu rale resulls 
since diifraclion geometry will not be aligned. 
[0017] Third, it is important that the ilat surfaces of the 
samples exposed lo the X-ray beam are all in a common 
plane. In the present invention, the sample holder containing 
Ihe array of samples may be mounted into the X-ray powder 
dilfraclometer as a unit, and the X-ray beam must be able lo 
reach each sample for analysis, even when Ihe X-ray beam 
is operating at low angles. To illustrate the importance of 
having the Hal surfaces of the samples all in a common 
plane, lake Ihe situation of an array formed by isolated 
samples on a filler paper and specifically two adjacent 
samples in the array, Sample A and Sample Ii. Suppose the 
quantity of Sample A is high and thus forms a deposit on Ihe 
filler paper that has a height, I I, while the quantity of Sample 
H is lower and Ihus forms a deposit on the lilier paper thai 
has a height, L. Height I I is greater than height F relative to 
ihe filter paper surface. When analyzing Sample H, the X-ray 
beam al times may actually be blocked by height II of 
sample A and some of the X-ray diifraclion delected would 
be due lo the X-ray beam impinging on Sample A and nol on 
the intended Sample H. The resulting dala would nol be 
unique to a single sample, but confounded among several 
samples. The problem is magnified when the X-ray beam is 
incident at low angles where even relatively small defer- 
ences in the height of ihe adjacent samples in the array may 
cause such interferences. 

[0018] The process of the present invention achieves these 
three criteria for a plurality of samples while at the same 
time increasing efficiency. 'ITie process begins with provid- 
ing the equipment used. Several different lypes of equipment 
may be used lo accomplish Ihe goals of the process and the 
preferred embodiments are disclosed here. In a first embodi- 
ment, a first component of ihe equipment is a main support 
having al least N perforations from a lirsl surface of the main 
support lo a second surface of the main support in predefined 
locations, where N is the number of samples in the array. See 
FIG. I where the main support is 2 and ihe N perforations 
are 4. One example of a suitable main support is a block. The 
main support may be constructed of material such as 
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Teflon™, polycarbonate, polystyrene, polypropylene, or 
polyethylene. Ii is preferred that the main support be con- 
structed of material thai I) docs not have a strong X-ray 
diffraction pattern in the region of inieresl 2) is lightweight. 
3) is inexpensive, 4) is capable of being mass produced; and 
5) has durable Hal surfaces that do not deform. 

[0019] Perforations from a first surface of the main sup- 
port, 6 of FIG. I, to a second surface, 8 of FIG. 1, of the main 
support provide the predetermined region for each of the 
samples in the array (discussed in greater detail below). It is 
preferred that there are at least as many perforations in the 
main support as there are samples in the array. The perio- 
ral ions in the main support are preferably located in a set 
basic pattern that is maintained from main support to main 
support within a particular sample formal. The sample 
format may vary, however, such as ihe overall number of 
perforations, i.e., 24, 4S, 96 perforations, or the sizes of ihe 
perforations. Maintaining a standard basic pattern configu- 
ration among different main supports allows for known 
reproducible locations of samples. Analytical instrumenta- 
tion may then be configured and programmed to operate 
with the standard basic pattern of samples. 1l may be 
preferred to match the perioral it) n pal tern of the main 
support with a pattern from another unit of equipment such 
as a set of synlhcsis reactors or cells, or a wash pi ale. 
Matching patterns allow for ihe simultaneous transfer of 
sample arrays, which is discussed in greater detail below. 
The shapes of the perforations are not critical, any may be 
circular, square, rectangular, or any shape lhat is capable of 
being manufactured as a perforation in a main support, but 
certain shapes do have advantages. For example, cylindrical 
perforations are preferred due to iheir ease of fabrication. In 
situations where the quantity of sample is limited, perfora- 
tions having a reduced cross-seciion at one surface of the 
main support are preferred in order to form the required flat 
surface of sample while using only limited quaniilies of 
sample. FIG. 2 shows perioral ions 4 where ihe diameter of 
perforations 4 are greater at Ihe intersection with surface 6 
of main support 2 than at surface H of main support 2. Using 
the apparatus shown in FIG. 2 would allow for the flat 
surfaces of the array of samples lo be formed in the same 
plane with reduced sample volumes. 

[0020] Adjacent one preferably flat surface of the main 
support which contains the perforation openings is a flat 
support, 10 of FIGS. 1 and 2. The flat support may be 
permanently or temporarily attached to the main support. 
Depending upon ihe embodiment of the sample process 
being employed, ihe flat support may be constructed of 
material that allows for transmission of X-rays through the 
II a l surface. It is preferred thai the diffraction of X-rays from 
the flat surface does not yield an X-ray powder diffraction 
pattern with high noise or peaks al the angles of inieresl for 
ihe samples in the array. Lxamples of suitable male rials 
include polycarbonate, polyethylene, polypropylene, and 
lithium borate. When the flat support is made of a material 
suitable for the transmission of X-rays, it is also preferred 
lhat the flat support have a ihickness of from about 0.01 
micron to about 100 microns, wilh a more preferred thick- 
ness ranging from about 1 micron lo about 100 microns and 
a mosi preferred ihickness ranging from about 1 micron to 
about 100 microns. When the flat support is only temporarily 
attached lo the main support, the flat support may be 
constructed of materials that would interfere with the trans- 
mission of X-rays or that would result in high noise or 



interfering peaks, and ihe flat support is not limited in its 
ihickness. In some embodiments of the process of ihe 
invenlion, the flat surface may be porous, or fluid permeable, 
with preferred pore sizes ranging from about 0.01 lo about 
100 microns, and most preferred pore sizes ranging from 
about 0.1 lo about 1 micron. A preferred support is polyester 
or polycarbonate nucleo-pore filters. The flat support may be 
attached to the main support by a variety of means including 
adhesion and pressure seals. 

[0021] Ii is most preferred that the X-ray diffraction pat- 
tern be free of noise or peaks attributable lo the equipment 
used in holding the array of samples. While the preferred 
materials of construction for the main support lisled above 
minimize interference, interference may be further elimi- 
nated by incorporating an additional layer of material over 
the main support. In one specific embodiment of the inven- 
lion, Ihe additional layer of material may be a film or foil of 
material; see FIG. 3. Film 12 covers only main support 2 
and has holes corresponding lo perforations 4 in main 
support 2. It is preferred lhal ihe film used have liltle or no 
delectable interference in Ihe regions of interest lor the 
particular analytical technique selected. In the case of X-ray 
powder diffraction, it is preferred lhal ihe film be silver film, 
gold film, aluminum film, nickel film, copper film or zinc 
film. For oiher analytical techniques, ihe film may be a 
dillcrcnl suitable material. When both the flat support, 
described above, and ihe lilm are used with a single main 
support, it is preferred lhal the lilm is allached to the main 
support, and then the flat support is allached over the lilm as 
shown in FIG. 3. In another embodiment of the invenlion, 
a layer of material lo eliminate interference may be depos- 
ited over ihe surface of the main support. For example, zinc, 
copper, nickel, gold, or silver may be deposited over the 
surface of Ihe main support lo prevenl interference in the 
X-ray powder diffraction measurements. For ease of manu- 
facture, a first material may be deposited wilh a second 
material being deposited over the first material. For 
example, for certain support materials, it is preferred lo 
deposit zinc on the main support before depositing, for 
example, copper or nickel. General deposition lechniques 
may be used lo deposit the material and suitable lechniques 
include metal spray (preferred), vapor deposition, metal 
organic chemical vapor deposition (MOCVD), and sputter- 
ing. 

[0022] While the foregoing description is a preferred 
embodiment of ihe invenlion, the scope of ihe present 
invenlion is considerably more broad. For example, anolher 
embodiment of the invenlion is one where ihe main support 
and ihe Hat support portions of ihe apparalus are sections 
formed from a monolithic block. The main support section 
has a I least N depressions providing openings in a first 
surface of the main support in predefined locations where N 
is ihe number of samples in ihe array (N is al least two). The 
flat support section is adapled lo cover the openings of the 
main support section. The Hal support section has a planer 
portions of the monolithic block extending beyond the 
depressions with one surface of the planar section forming 
ihe flat surface contacted by the samples and comprising a 
material with sufllcienl ihickness and permeability lo permit 
lesling of ihe samples ih rough ihe flal support section. A 
preferred thickness of Ihe portions of Ihe flat support section 
covering the depressions is from 0.01 microns to JO 
microns. This embodiment of Ihe invenlion is illustrated by 
FIG. 5 and FIG. 6. In this embodiment main support section 
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3 and Hal support section 11 arc sections of monolithic block 
7. and perioral ions 5 of main support section 3 arc consid- 
ered lo he depressions providing openings in a first surface 
of main support section 3. The Hat supporl section II is 
adaplcd lo cover the openings in ihe first surface of main 
support section 3. The portion of Hat support section 11 thai 
is between the end of perforation 5 and the surface of the 
monolithic block 7 is from 0.01 microns to 10 microns. FIC 
6 is a lop view of this embodiment of the invention showing 
monolithic block 7 and I he array of perforations 5. 

[0023] As in previous embodimcnls, il is most preferred 
that Ihe X-ray dilVraclion pattern be as free as possible of 
noise or peaks attributable to ihe equipment used in holding 
Ihe array of samples. As described in delail above, il is 
contemplated that interference may be reduced in ihe present 
embodiment as well by incorporating an additional layer of 
malerial over a porlion of the Hal supporl. Although al least 
a porlion of the Hal supporl must be exposed so thai ihe 
samples may be analyzed, other portions may be covered by 
the additional material and may operate towards minimizing 
interference. Suitable materials were discussed previously. 
FIC 7 shows lilm 13 covering much of Hat support 11 and 
has holes 15 corresponding in location lo perioral ions 5 in 
main support 3. FIC S shows a lop view of the embodiment 
in FIC 7. Moles 15 in lilm 13 have a diameter slightly less 
than the diameter of perioral ions 5. 

[0024] The process of the invention nexi requires the 
samples to be loaded inlo the perforations of the main 
support with each sample being loaded into an individual 
perforation. 'I 'he samples may be loaded as dry powder, or 
Ihe solid particles of ihe sample may be in a mixture with 
liquid. For example, Ihe samples may be a product precipi- 
tate in a liquid reaction mixture, or Ihe samples may be solid 
particles in a wash solution. It is preferred thai the multiple 
samples be loaded inlo the respeclive perforations simulta- 
neously. 

[0025] The Hat surface of the sample is formed by forcing 
Ihe samples in the perforations againsl the Hal supporl. If the 
samples are a mixture of solid panicles and a liquid, forcing 
the solid sample againsl the Hat supporl may be accom- 
plished by evaporating, drying, decanting, cenlrifuging, 
pipetting, freeze -drying, or adding sponging adsorbents. If 
the Hal support is porous or Huid permeable, ihe liquid may 
be removed by centrifugal ion, gravity li lira lion, vacuum or 
suction lillralion, or adsorbcnl nitration thus removing some 
or all of l he liquid from the perioral it) n. It musl be empha- 
sized lhat the term "forcing" as used herein is not limiled to 
manually forcing the sample againsl the Hal surface. The 
forcing of ihe samples may be accomplished by mere gravity 
or Ihe removal of liquid, llie sample is considered posi- 
tioned corrcclly if it is positioned against the Hal support lo 
form a Hal surface. 

[0026] In one embodiment of the invention, ihe samples 
are now ready for analysis by X-ray powder dilTraclion. The 
Hal surface would remain attached to the main supporl and 
would preferably be constructed of malerial providing suit- 
able transmission of the X-rays through the material, i.e., 
allowing a delectable quantity of X-rays lo Iransmil Ihrough 
Ihe Hal surface, wilhout resulting in excessive noise, or 
large, poorly defined peaks at Ihe angles of inleresl. Il is 
possible for ihe Hal surface lo be constructed oul of malerial 
that results in peaks al ihe angles of inleresl provided lhal the 



pal tern is well defined and known to the operator. In thai 
situ a I ion, the pattern fr >m the 11 a l supporl may be easily 
subiracled oul of the patterns of the samples. The X-rays 
would be directed toward the Hat surface and ihe incident 
X-rays are transmitted ihrough Ihe Hal surface to impinge on 
the sample. The diffracted X-rays are I hen Iransmitled back 
through the Hal surface for detection. The X-ray powder 
diffraction pallern may he delecled in any manner com- 
monly known in ihe art. X-ray powder dilTraclion techniques 
are well known in Ihe art and will not be discussed in detail 
here. 

[0027] Depending upon the X-ray dillVaclomeler and its 
configuration, Ihe sample holder may be mounled in the 
i nsl ru me nt so thai gravity holds Ihe samples packed againsl 
the Hal surface of the sample holder. If ihe sample holder is 
to be inverted, or placed al various angles, it is preferred lo 
use retaining means within the perforations lo retain Ihe 
sample againsl ihe II a I surface. The retaining means may be 
a mechanical device such as a pislon, or may be retaining 
malerial that is placed in the perforation. FIC. 4 illustrates 
a mechanical device as a retaining means. In FIC 4, pistons 
14 are positioned within perforations 4 of main supporl 2. 
Various relaining materials may be employed with the 
preferred being amorphous solids. Suitable examples 
include slarch, wax, foil, cross-linked resins, and amorphous 
metal oxides such as silica, aluminosilieale or aluminophos- 
phale. Preferred materials should nol aller Ihe sample, 
should be effective in relaining ihe sample in place, and 
should nol contribute to the X-ray powder diffraction pat- 
tern. Gravity may also be a relaining means. 

[0028] In another embodiment of Ihe invention, the Hal 
surfaces of ihe samples are exposed by removing the Hat 
supporl that is temporarily attached lo the main supporl. Of 
course, in this embodiment, before the Hal support is 
removed, the samples are reiained in the correct position 
using the retaining means as described above, i.e., using a 
mechanical device or by loading additional malerial, or 
relaining malerial, in Ihe perforations. The additional male- 
rial may be any of those discussed above in the previous 
embodiment. In this embodiment, il is preferred lhat the 
sample holder be placed in ihe instrument in a manner lhat 
allows graviiy lo aid in relaining ihe samples in position 
within Ihe perforations. lTie lerm "sample holder" as used 
herein is meant lo encompass all embodimcnls of the 
apparatus discussed herein. In some references the sample 
holder will comprise both the main support and the Hal 
surface, while in other references the sample holder will 
comprise ihe main support after Ihe Hal surface has been 
removed and in oiher references the sample holder will 
comprise the main supporl with a film attached to prevent 
analytical interference from the malerial of the main supporl. 

[0029] The present invention may add great benefit lo a 
combinatorial process for synthesizing materials. In combi- 
natorial synthesis processes, a plurality of materials may be 
synthesized simultaneously in a parallel sel of reactors. 
Using Ihe present invention, the sel of samples may be 
Iransferred to the sample holder, washed and ground if 
necessary, and prepared for X-ray powder diffraction analy- 
sis, ail in parallel. Specifically, ihe array of newly synthe- 
sized materials may be transferred lo the sample holder 
simullaneously, in parallel, for example, by locating the 
perforations in the sample holder in a pattern that corre- 
sponds to ihe pallern of the set of reactors, such as a 
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multiauloclave, and inverting the sample holder over the 
reactors. Hie set of reactors and the sample holder are 
temporarily sealed, and the combined equipment is rotated 
one hundred and eighty degrees so that gravity operates to 
transfer the material from each of the reactors into a corre- 
sponding perforation of the sample holder. After rotation, the 
sample holder will he on the bottom and the set of reactors 
will be inverted over the sample holder. If necessary, the 
reactors may be rinsed with the rinsings being transferred to 
the sample holder in the same, or any other, manner. The 
temporary seal may be accomplished by using, for example, 
a mat. preferably a rubber mat, with perforations that match 
the patterns of the perforations of the set of reactors and the 
sample holder. I*hc rubber mat is preferably equipped on 
each side with formed, raised lips al the perforations that lit 
snugly into the opening of the reactors and the perforations 
of the sample holder, ensuring reactor to perforation transfer. 
The seal may be enhanced by applying pressure. It is 
contemplated that both the synthesis reactors and the main 
support and Hal surface of the present invention may be 
equipped with perforations through which bolts may be used 
to apply pressure and form a seal for the transfer of the 
sample from the reactors to the perforations of the present 
invention. 

[0030] If necessary, the materials transferred into the 
sample holder may be washed and ground in parallel. 
Grinding lools such as stainless sleel or Teflon™ coaled 
balls may be added lo each of the perforations containing the 
samples. Optionally, a wash fluid may be added lo each of 
Ihe perforations. Water is a preferred wash fluid. The sample 
holders may then be agitated, manually or mechanically, so 
thai all of the samples in the array are simultaneously ground 
and washed. Upon completion of l he grinding and washing, 
the grinding tool is removed, and some or all of any liquid 
present may be removed. 

[0031] In some applications, the Hal surface of the sample 
holder is not robusi enough lo withstand the parallel grind- 
ing step. The parallel grinding and optional washing may be 
performed in a wash plate, with the conlenls of the wash 
plate being transferred after grinding and the grinding tool 
removed to the sample holder. The wash plate may be any 
apparatus having multiple wells for the multiple samples. It 
is preferred lhal ihe pattern of the wells in ihe wash plate 
correspond to the pattern of the perforations in the main 
support of the sample holder for ease of transfer of material 
from ihe wash plate lo the sample holder. The array of 
samples may be transferred in any convenient manner such 
as those described above in ihe transfer of the samples from 
the synthesis reactors to the sample holder. Alternatively, a 
plate may be used lo supporl the 11 al surface during Ihe 
grinding and washing si age. 

[1*032] Various different techniques may be employed lo 
remove ihe liquid from ihe solid panicles. ITie liquid may be 
decani ed, may be removed via a porous medium inserted 
into Ihe perforations, or may be pipetted from the perfora- 
tions. It is preferred lo centrifuge the mixtures in ihe 
perforations prior to removing Ihe liquid, and it is most 
preferred lo remove the liquid during cenlrifugalion. As 
discussed above, ihe Hal surface of the sample holder may 
be const ru cled of material that is fluid permeable. Therefore, 
the sample holder may be loaded into a centrifuge and 
during cenlrifugalion al least a portion of the liquid is forced 
through the fluid permeable flat surface of the sample holder 



thereby being separated from the solid particles. Of course, 
il is preferred to equip the centrifuge with some adsorbenl 
backing or chamber next lo ihe sample holder lo collect 
liquid. The cenlrifugalion lechnique is further preferred due 
lo ihe forcing of the solid panicles against the flat surface lo 
form all ihe flat surface in a common plane. The sample 
holder may then be removed from ihe centrifuge and placed 
into the X-ray powder diflVaclomctcr. Optionally, as dis- 
cussed above, a retaining means, such as a mechanical 
device or retaining material, may be added lo ihe perfora- 
tions of the sample holder before placement on the X-ray 
powder diflrac lo meter. 

[0033] The sample holder is positioned within the X-ray 
powder diflraclomeler so lhal the X-ray beam is directed 
toward all of ihe Hat surfaces of the samples all in a common 
plane. In particular, the sample holder is positioned so that 
the X-ray beam impinges on ihe Hal surface of a firsi sample. 
The X-ray powder diffraction pattern of a first sample is 
obtained, and the sample holder may then be repositioned so 
that a second sample is in alignment with the X-ray beam. 
The X-ray d infraction patterns of all the samples may be 
obtained in this manner. The predefined locations of the 
samples in the sample holder allow for the automation X-ray 
diffraction data eo fleet ion process. 

[0034] It is important to note that the sample holder and 
process for forming an array of powder samples arranged in 
predefined locations where all samples have a flat surface in 
a common plane may be used in conjunction with other 
analytical techniques in addition to X-ray powder diflVac- 
lomciry. 

What is claimed is: 

1. A method of forming an array of powder samples 
arranged in predefined locations where all samples have a 
flat surface in a common plane comprising: 

(a) providing a monolithic block defining a main supporl 
section and a flat support section, said main support 
section having at least N depressions providing open- 
ings in a first surface of the main supporl section in 
predefined locations, where N is the number of samples 
in I he array and N is al least two, said depressions in the 
form of perforations extending from a first surface of 
the main support section lo a second surface defined by 
the main support section or the flat support section; 

(b) loading sample X in depression X of the main support 
section where X is an integer from I to N; 

(c) forming a flat surface of each sample where the flat 
surfaces are in a common plane by forcing ihe samples 
wilhin the depressions against the flat supporl section; 

(d) retaining the samples in position within the depres- 
sions using retaining means; and 

(e) sulliciently exposing the flat surfaces of the samples in 
the predefined locations for testing over a common 
plane by limiting the thickness of the flat support 
section. 

2. The method of claim 1 wherein the flat supporl seelion 
has a Ihickness of from 0.01 to 10 microns. 

3. Hie method of claim I wherein the Hal supporl seelion 
comprises a material that allows for the transmission of 
X-rays for testing of the sample. 
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4. The method of claim 1 wherein the Hat support section 
comprises a planer portion of the monolithic block extend- 
ing beyond the depressions with one surface of the planar 
section forming the Hal surface contacted by the samples and 
the Hal surfaces contacting the samples comprising a mate- 
rial with sufficient permeability to permit testing of the 
samples through the Hal support section. 

5. The method of claim 1 wherein the retaining means is 
selected from a group consisting of a mechanical device and 
a retaining material added to the depressions to till addi- 
tional volume. 

6. The method of claim I further comprising at least 
partially covering a surface of the monolithic block with a 
layer of material where the material is selected to minimize 
any interference of the monolithic block in an analytical 
analysis of the samples. 

7. The method of claim 6 wherein the layer of material is 
in the form of a lilm or a deposited layer of material. 

H. The method of claim 6 wherein the analytical analysis 
is X-ray powder d infraction and the layer of material is 
selected from the group consisting of silver, gold, copper, 
zinc, nickel, and aluminum. 

9. The method of claim 1 wherein the samples X are 
simultaneously loaded into depressions X of the main sup- 
port section. 

10. The method of claim 1 further comprising, after 
loading the samples in step (b) of claim 1, adding a wash 
solution to each depression, washing the samples, and 
removing the wash solution from each depression. 

11. The method of claim J further comprising, after 
loading the samples in step (b) of claim J , adding a grinding 
tool to each depression; agitating the main support section 
and Hat support section to simultaneously grind the samples 
in the depressions; and removing the grinding tool from each 
depression. 

12. The method of claim 1 wherein the forcing of the 
samples within the depressions of step (c) of claim 1 is 
accomplished by a technique comprising, adding a wash 
liquid and a grinding tool to each depression; agitating the 
main support section and Hal support section to simulta- 
neously wash and grind the samples in the depressions; and 

removing the wash liquid and grinding tool from each 
depression wherein said technique also washes and 
grinds the samples. 
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13. The method of claim 12 wherein the wash liquid is 
removed by a technique selected from the group consisting 
of, evaporating, drying, decanting, centrifuging, pipetting, 
freeze -drying, and adding sponging adsorbents. 

14. The method of claim J further comprising mounting 
the monolithic block in an X-ray powder dilfraclion instru- 
ment so that the X-ray beam is directed a I the Hat surfaces 
of the samples to obtain an X-ray powder dilfraction pattern 
of at least one sample. 

15. The method of claim 1 further comprising synthesiz- 
ing the array ol samples in a set of synthesis cells prior to 
loading the samples as in step (b) of claim 1. 

16. A sample holder comprising a monolithic block hav- 
ing a main support section having at least N depressions 
providing openings in a lirsl surface of the main support 
section in predefined locations, where N is al least 2; said 
monolithic block additionally having a 11 a 1 support section 
covering at least one end of the openings of the main support 
section, having a thickness of from 0.01 to 10 microns, and 
comprising a material that permits testing of samples 
retained in the depressions through the Hal support section. 

17. The sample holder of claim 16 wherein the Hat support 
section allows for the transmission of X-rays for testing of 
samples retained in the depressions. 

18. The sample holder of claim 16 further comprising a 
layer of material attached to a portion of a surface of the Hat 
support section where the layer of material is selected to 
minimize any interference of the sample holder in an ana- 
lytical analysis of the samples. 

19. ITic sample holder of claim 18 wherein the layer of 
material is in the form of a lilm or deposited layer of 
material. 

20. 'Hie sample holder of claim JS wherein the layer of 
material is selected from the group consisting of silver, gold, 
zinc, copper, nickel, and aluminum. 

21. The sample holder of claim 16 wherein said depres- 
sions are in the form of perforations that extend through the 
main support section and have cross sections, A, at the first 
surface greater than cross sections, H, adjacent the Hal 
support section. 

***** 



